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Summary
Objectives: The aim of this study was to investigate whether parameters of dyssyn-
chrony from real-time three-dimensional echocardiography (RT-3DE) can predict
cardiac remodeling in patients of acute myocardial infarction (AMI) after reperfusion
therapy.
Methods: The subjects were 41 AMI patients after reperfusion therapy who under-
went RT-3DE within 2 weeks from onset and at 6 months thereafter. End-diastolic
volume (EDV), end-systolic volume (ESV), ejection fraction (EF), and the change
rate of these parameters were derived during the acute and chronic phases. Two
parameters of dyssynchrony, the systolic timing dispersion index (SDII) and systolic
timing deviation index (SDEI) were calculated from RT-3DE. Intra- and inter-observer
variability of dyssynchrony parameters and correlation of acute cardiac and dyssyn-
chrony parameters with chronic remodeling were compared using linear and multiple
regression analysis.
Results: Parameters of dyssynchrony from RT-3DE revealed small intra- and inter-
observer variability. Acute EDV, acute ESV, and acute EF correlated with chronic
remodeling but not with the change rate of these parameters. SDII correlated neg-
atively with chronic remodeling and positively with chronic EF, and the change rate
of these parameters. Multiple regression analysis revealed SDII was an independent
predictor for cardiac remodeling.
∗ Corresponding author. Tel.: +81 49 228 3559; fax: +81 49 228 3559.
E-mail address: ymaru@saitama-med.ac.jp (Y. Maruyama).
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ny parameters derived from RT-3DE are useful for predicting
ing and further improvement in cardiac function.
e of Cardiology. Published by Elsevier Ireland Ltd. All rights
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ntroduction
eperfusion therapy for acute myocardial infarction
AMI) patients improved left ventricular (LV) func-
ion [1] and clearly reduced cardiac failure during
he chronic stage [2]. However, despite reperfu-
ion therapy, treating heart failure can sometimes
e difﬁcult due to LV remodeling. Thus, predict-
ng the likelihood of LV remodeling after infarction
reated by reperfusion therapy would be invalu-
ble. Cardiac shape and function [3,4] during the
cute phase are currently used as predictors of
V remodeling. Magnetic resonance imaging (MRI)
s considered the gold standard for assessing car-
iac shape and function, and other modalities
uch as real-time three-dimensional echocardiog-
aphy (RT-3DE) [5,6], computed tomography [7],
nd quantitative gated single photon emission com-
uted tomography (QGS) [8,9] closely correlate
ith MRI. Dyssynchrony using tissue Doppler images
TDI) during the acute phase of myocardial infarc-
ion is also considered a predictor of LV remodeling
10,11] and although RT-3DE can be used to assess
ardiac dyssynchrony [12], few reports have been
ublished and the results do not coincide with those
f TDI [13]. LV dyssynchrony that appears after
eperfusion is believed to be caused by the hiber-
ating or stunned myocardium immediately after
eperfusion [14], and obviously inﬂuences progno-
is [10,11]. Here, we used RT-3DE to investigate
hether chronic LV remodeling is predictable based
n acute LV shape, function, and dyssynchrony.
ethods
tudy population
he study population comprised 43 consecutive
atients with AMI who received acute reperfusion
herapy and underwent RT-3DE while in hospital
rom April 2004 to March 2005. After excluding 2
atients with a history of myocardial infarction,
e analyzed data from 41 patients after percuta-
eous coronary intervention (PCI) during the acute
nd chronic phase of myocardial infarction. Crea-
ine kinase (CK) was sampled every 3 h after PCI,
nd the highest CK level was deﬁned as peak CK.
P
P
this study proceeded according to the rules and
egulations established by the Personal Information
rotection Committee of Saitama Medical Center,
nd all patients provided written, informed consent
o participate in the study.
T-3DE
ll patients underwent RT-3DE using a SONOS 7500
Phillips Medical System, Andover, MA, USA) with
matrix array X4 transducer at ≤2 weeks from
nset (mean 8.6± 1.8 days) and again 6 months
ater (mean 187.5± 25.4 days). Full-volume images
f the left ventricle were obtained in the apical
iew using the harmonic method. Four sectors of
20◦ × 80◦ were consecutively scanned. The endo-
ardial border of the left ventricle was manually
raced in each plane at end-diastole and end-
ystole.
End-diastolic volume (EDV), end-systolic volume
ESV), ejection fraction (EF), and dyssynchrony
arameters were calculated using 4D-LV analy-
is software (TomTec Imaging Systems, Munich,
ermany). The entire three-dimensional LV cav-
ty was reconstructed from 8 slices of the left
entricle using an average rotation method [5].
apillary muscles were excluded from tracings.
he left ventricle was further divided into 16 seg-
ents as described by the American Society of
chocardiography [15]. Left ventricular segmenta-
ion was displayed as shell and bull’s eye images
16] (Fig. 1A). The mean center of gravity was
alculated and used to evaluate segmental vol-
me. The segmental volume of 4D-LV analysis plots
hanges throughout cardiac cycles as time-volume
urves that we used to analyze global and regional
V function and dyssynchrony parameters. The rates
f change, %EDV, %ESV, and %EF were deter-
ined as percentage rates of increases in EDV, ESV,
nd EF using the following formula:
[ ]arameters of dyssynchrony
eak systolic phases were manually positioned on
he time-volume curves of regional ejection frac-
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Figure 1 4D-LV analysis (A) and time—volume curves of regional ejection fraction (B). (A) Left upper: shell image
of 16 cardiac segments. Left lower: bull’s eye image of 16 cardiac segments. Right upper: real-time image of left
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Pventricle. Right lower: time-volume curves of regional e
segments, (#1) earliest peak systolic phase, (#2) most de
tions in reports describing 4D-LV analysis (Fig. 1B).
We calculated the following two indices of dyssyn-
chrony. First was the systolic timing dispersion
index (SDII), deﬁned as the difference between
the earliest (#1) and the most delayed (#2) peak
systolic phase (%) among the 16 cardiac segments
(Fig. 1B). Second was the systolic timing devia-
tion index (SDEI), which is identical to the systolic
dyssynchrony index (SDI) described by Kapetanakis
et al. [12], deﬁned as the SD of peak systolic phases
in the 16 cardiac segments.
We used these parameters to initially investigate
correlations between SDII and acute EDV, acute ESV,
acute EF, SDEI, and peak CK. We then examined the
relationship between parameters of acute cardiac
function (EDV, ESV, EF, and dyssynchrony) during the
acute phase, and peak CK with EDV, ESV, and EF
during the chronic phase, as well as rates of change
in these 3 parameters.
Statistical analysis
Intra- and inter-observer correlation coefﬁcients
of SDII were obtained to determine the accuracy
of patient measurements. Agreement between 2
measurements was analyzed using Bland—Altman
plots [17] and mean differences are expressed as
means± 2SD. Parameters of acute cardiac func-
tion, dyssynchrony, and peak CK were compared
with chronic remodeling using linear regres-
sion analysis. Differences in parameters are
expressed as means± SD. All variables with val-
ues of P < 0.05 were considered statistically
signiﬁcant and were entered into multivari-
d
−
m
b
ton fraction. (B) peak systolic phase in the 16 cardiac
d systolic phase.
te analysis. Factors independent of cardiac
arameters were identiﬁed using multiple linear
egression analysis. All statistical analyses were
erformed using SPSS v.12.0 (SPSS, Chicago, IL,
SA).
esults
atient characteristics
he characteristics of the patients are shown in
able 1. All 41 patients had a history of myocar-
ial infarction with ST elevation. Sinus rhythm
as maintained in all of them during the observa-
ion periods and electrocardiography showed that
one of them had a wide QRS. All of the patients
ere examined by echocardiography and none
as excluded due to a poor acoustic window or
mage.
ariability and relationship of SDII with
cute cardiac parameters
ntra-observer variability was determined by one of
he authors (N.M.) calculating SDII at least twice
rom RT-3DE. Correlations were close between
he ﬁrst and second measurements (r = 0.886,
< 0.001). Bland—Altman plots revealed a small
istribution in SDII (mean difference ±2SD,
0.8± 3.8%). Inter-observer variability was deter-
ined from independent measurements performed
y two authors (N.M. and Y.M.). Measurements by
he ﬁrst and second authors also correlated well
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Table 1 Patient characteristics (n = 41).
Age (year) 62± 11
Female 9 (22%)
Culprit lesion
LAD 21 (51%)
RCA 12(29%)
CX 8 (20%)
PCI
POBA 25 (61%)
Stent 16 (39%)
Onset to recanalization time (h) 7.1± 8.6
Peak CK (IU/L) 2849± 1850
Coronary risk factor
Hypertension 21 (51%)
Dyslipidemia 12 (29%)
Diabetes 12 (29%)
Smoking 23 (56%)
Concomitant medication
Beta-blocker 19 (46%)
ACE inhibitor 31 (76%)
Nitrate 29 (71%)
Calcium-channel blocker 9 (22%)
Statin 16 (39%)
Aspirin 40 (98%)
Warfarin 8 (20%)
Ticlopidine hydrochloride 13 (32%)
Values are mean± SD or n (%); LAD, left anterior descend-
ing artery; RCA, right coronary artery; CX, circumﬂex artery;
PCI, percutaneous coronary intervention; POBA, plain old
balloon angioplasty; CK, creatine kinase; ACE, angiotensin-
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r = 0844, P < 0.001) revealing a small distribution
n SDII (mean difference ±2SD, −1.3± 4.1%) on
land—Altman plots.
Table 2 shows the relationship of SDII with acute
ardiac parameters. SDII correlated positively with
DEI and peak CK, but not with acute EDV, acute
SV, and acute EF.
Table 2 Correlation of SDII with acute cardiac
parameters.
r P-Value
Acute EDV (ml) 0.039 NS
Acute ESV (ml) 0.031 NS
Acute EF (%) −0.060 NS
SDEI (%) 0.762 <0.001
Peak CK (IU/L) 0.527 <0.001
SDII, systolic timing dispersion index; EDV, end-diastolic vol-
ume; ESV, end-systolic volume; EF, ejection fraction; SDEI,
systolic timing deviation index; CK, creatine kinase. T
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wFigure 2 Correlations between systolic timing dispersi
chronic end-systolic volume (ESV) (B) and chronic ejectio
Relationships of acute cardiac and
dyssynchrony parameters with chronic
remodeling
Table 3 shows relationships of acute cardiac and
dyssynchrony parameters with chronic remodeling.
Acute cardiac parameters of EDV and ESV corre-
lated positively with chronic EDV and ESV, but not
with %EDV and %ESV. This means that acute car-
diac chamber size correlates with chronic size, but
does not correlate with the rates of change. Acute
EF correlated negatively with chronic EDV and ESV
and positively with chronic EF.
SDII correlated negatively with chronic ESV
(Fig. 2B), %EDV (Fig. 3A) and %ESV (Fig. 3B), and
positively with EF (Fig. 2C) and %EF (Fig. 3C). This
means that dyssynchrony predicts cardiac reverse
remodeling, and the more extensive the dyssyn-
chrony the more reverse the remodeling. SDEI also
D
I
r
ddex (SDII) and chronic end-diastolic volume (EDV) (A),
ction (EF) (C).
orrelated negatively with %ESV. Peak CK as a
arker of infarct size did not correlate with cardiac
emodeling.
redictors of chronic remodeling
etermined by multivariate analysis
able 4 shows multiple linear regression analysis of
hronic remodeling. We found that SDII was an inde-
endent predictor for chronic remodeling. Acute EF
as also an independent predictor for chronic EF.iscussion
n this study, we investigated whether chronic LV
emodeling could be predicted based on acute car-
iac or dyssynchrony parameters. We found that
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V shape and function in acute phase correlated
ith chronic LV remodeling, but not with rates
f change, and the dyssynchrony parameters were
ighly reproducible during the acute phase, and
orrelated negatively with chronic remodeling and
ositively with chronic EF.
Acute LV shape correlates with LV remodeling in
atients with AMI [4], and the prognosis of patients
iagnosed with LV enlargement by QGS is poor
18]. Reperfusion therapy shortens acute ESV and
mproves EF [19]. Compared with EF, ESV is con-
idered a better prognosticator for patients with
MI [20], but the present study found that both
cute ESV and acute EF correlated with chronic
DV, chronic ESV, and chronic EF, with no signiﬁcant
ifferences between them. Furthermore, neither
f them correlated with rates of change in EDV,
SV, or EF. Diastolic function correlates closely
ith chronic cardiac function [21,22] and acute
[
a
d
oex (SDII) and percentage change in end-diastolic volume
ESV) (B), and percentage change in ejection fraction
V enlargement is not a predictor of chronic LV
nlargement or decreased cardiac function [23].
onger follow-up is required to conﬁrm this in our
atients, as the follow-up period was only 6months.
The infarct area, reperfusion therapy, infarct
ulprit lesion patency, a high thrombolysis in
yocardial infarction grade before PCI and prodro-
al angina predict cardiac expansion in patients
ith myocardial infarction [24,25]. We found here
hat peak CK correlated with dyssynchrony, but not
ith parameters of chronic remodeling. Peak CK
fter reperfusion therapy is affected by reperfusion
njury and is highly variable.
Dyssynchrony in patients during the acute phase
f AMI supposedly predicts cardiac remodeling
11], but our data revealed reverse remodeling
nd improved cardiac function. To investigate this
iscrepancy, we compared the present and previ-
us ﬁndings by analyzing data from the patients
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fter assigning them to remodeling (%ESV≥ 15%)
r non-remodeling (%ESV < 15%) groups according
o the criteria described by Mollema et al. [11]
Table 5), and found that the level of dyssynchrony
as larger during the acute phase in the non-
emodeling than in the remodeling group, which
iffered from previous ﬁndings. The degree of
V systolic dyssynchrony determined from TDI is
ainly determined by the infarct size [11]. Mollema
t al. [26] found using TDI that dyssynchrony cor-
elated positively with ESV and concluded that it
redicts positive remodeling. However, we found
hat the SDII generated from RT-3DE correlated neg-
tively with ESV and rate of change in ESV, and
ositively with EF and rate of change in EF. This
eans that increased dyssynchrony from RT-3DE
uring the acute phase predicts an improvement in
ardiac function during the chronic phase.
The ﬁrst reason for this discrepancy is that TDI
nd RT-3DE ﬁndings do not concur with respect
o either assessments of dyssynchrony in ischemic
ardiomyopathy. Burgess reported conventional
DI identiﬁed only longitudinal dyssynchrony, but
T-3DE identiﬁed both longitudinal and radial
yssynchrony, and some patients with radial dyssyn-
hrony without longitudinal dyssynchrony showed
favorite response to resynchronization therapy
13].
The second reason is that positioning peak sys-
olic phase on the time—volume curve is not always
asy in case of large transmural infarction. Because
f absence of detectable contraction within the
ecrotic (transmural infarction) area, it might look
ike there are no differences in phase of peak
ontraction between the normal and the necrotic
yocardium. RT-3DE would not be so sensitive
o detect slight contraction in transmural infarct
rea as TDI, and it could interpret the contraction
n patients with large infarct myocardium as not
yssynchronous. So, transmurally infarcted muscle
ould be associated with SDII.
The ﬁnal and most important reason is that
ur echocardiography was performed 8.6± 1.8 days
rom onset. Previous studies were performed ear-
ier from onset. After reperfusion therapy, LV
emodeling in patients with AMI is inversely related
o the viability of the infarct area [3], and
he stunned and hibernating myocardium plays
large role in their prognosis [14]. Late recov-
ry of the stunned or hibernated myocardium
radually recovered cardiac function [23] and EF
ncreased during the chronic phase. The GISSI-
echo-substudy found large heterogeneity in
he remodeling response after AMI due to dif-
erent stimuli, individual responses or genetic
actors [23]. Difference of timing may affect
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Table 5 Comparison of reports about cardiac remodeling and dyssynchrony.
GISSI-3 [23] Zhang et al. [4] Mollema et al. [11] Maruyama
Late1 Late2 Late3 Late4 NR Re NR Re NR Re
Number 193 154 172 95 31 16 142 36 26 15
Age (61) (61) (61) (61) 60.7 59.6 61 67 62 65
Reperfusion (72%) (72%) (72%) (72%) 74% 69% 100% 100% 100% 100%
aEDV(aEDVI) (87) (87) (81) (79) 86.7 88.2 128 139 83.4 73.6
cEDV(cEDVI) (75) (87) (90) (106) No change Increased 121 170 77.1 85.7
aESV(aESVI) (46) (47) (44) (45) 40.3 40.8 64 76 37.6 31.5
cESV(cESVI) (38) (47) (50) (64) No change Increased 58 112 32.1 44.7
aEF 48 47 47 45 53.1 59.6 47 47 56.4 58.8
cEF 50 47 46 41 Increased Decreased 52 39 59.3 50.3
LV measure 2DE 2DE 2DE 2DE MRI MRI 2DE 2DE RT-3DE RT-3DE
Dssync 33.7 50.9 31 140 14.7 9.0
Dys measure TDI TDI TDI TDI RT-3DE RT-3DE
Values are expressed as means.
Late1, left ventricular (LV) volume reduction; Late2, LV volume stability; Late3 mild/moderate LV dilation; Late4, severe LV
dilation; NR, no remodeling; Re, remodeling; aEDV, end-diastolic volume (EDV) in acute phase; cEDV, EDV in chronic phase; aESV,
end-systolic volume (ESV) in acute phase; cESV, ESV in chronic phase; aEF, ejection fraction (EF) in acute phase; cEF, EF in chronic
ssync
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Rphase; Dyssync, dyssynchrony; Dysmeasure, measurement of dy
TDI; tissue Doppler imaging; 2DE, two-dimensional echocardiog
and reperfusion in GISSI-3 was mean of all subjects.
he dyssynchrony concerned myocardium, such
s reperfused, stunned, infarcted, salvaged, and
schemic myocardium in the recovery phase. Our
DII during the acute phase did not correlate with
hat in the chronic phase (r = 0.034, P = 0.830),
eems to reveal different aspects of cardiac dyssyn-
hrony. Recovery from stunning continues when
ardiac dyssynchrony is apparent [23]. From these
esults, we suppose that in this study the amount
f stunned myocardium after reperfusion ther-
py is mainly associated with SDII, indicating
yssynchrony and dilation of the EDV and ESV
uring the acute phase, but recovery from dyssyn-
hrony that results in decreased EDV and ESV,
s well as an increased EF during the chronic
hase. Regardless, many issues associated with
he assessment and signiﬁcance of dyssynchrony
emain unclear. Some investigators have questioned
he relationship between acute dyssynchrony and
V remodeling in myocardial infarction [26]. Fur-
her investigations are necessary to clarify these
oints.
Our conclusion is that parameters of dyssyn-
hrony derived from RT-3DE are useful for predict-
ng further improvements in cardiac function among
atients with AMI after reperfusion therapy.eferences
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